). Probability of biochemical recurrence (BCR)-free survival was determined using Kaplan-Meier curves. pTPV was evaluated by Multivariate Cox proportional hazard analysis for predicting BCR. Subgroup analyses were performed according to preoperative risk.
INTRODUCTION
Prostate cancer (PCa) is the second most frequently diagnosed cancer and the fifth leading cause of cancer death in males worldwide. It was accountable for 15% of the total new cancer cases and 7% of total male cancer deaths in 2012. 1 Currently, radical prostatectomy (RP) is the only surgical option for patients with localized PCa. 2 While most localized PCa patients have an excellent 10-year biochemical recurrence (BCR)-free survival rates of 73% to 99%, some cancers will eventually recur. 3, 4 Previous studies have identified variables such as prostate-specific antigen (PSA), pathological substage, Gleason score and/or positive surgical margins (PSMs) as predictors of BCR. However, the aforementioned studies had limited accuracy and predictive power. Therefore, studies concerning increased accuracy and prediction of BCR are necessary.
Traditionally, in solid organ cancer, tumor size or tumor volumes (TVs) are important factors to predict cancer related outcomes and prognosis. 5 The size of a tumor is an important reflection of its biology, determined by complex interacting factors such as cell proliferation, apoptosis and angiogenesis. 6, 7 TV at the time of treatment for clinically localized PCa could reflect important properties that influence its clinical behavior.
Despite the biological relevance of tumor size, the status of TV in PCa as an independent predictor of outcome after RP has not been well defined. Some studies demonstrated a positive relationship between TV and cancer progression; 8 others argued that TV is not an independent predictor of PCa progression when incorporating the more readily determined tumor grade and stage in the analysis.
9-11
Additionally, several studies have reported the predictive value of the percentage of pathologic tumor volume (pTPV) in prediction of BCR. [12] [13] [14] [15] [16] [17] Even though TV shows potential to be a significant factor, there were no studies done on the comparison of localized high volume PCa and low volume advanced PCa. Therefore we investigated the aforementioned issue among PCa patients who underwent RP using pTPV.
MATERIALS AND METHODS

Patients
After and March 2015 at Seoul National University Bundang Hospital and were postoperatively followed up for more than 1 year. The patient population was stratified into 4 disease risk groups-T2 low volume group (T2LV), T2 high volume group (T2HV), T3 low volume group (T3LV) and T3 high volume group (T3HV) -according to tumor stage and the median pTPV value of 10%.
After excluding patients who underwent neoadjuvant, adjuvant hormone or radiation therapy and pathologic T4 and node positive disease and those with inadequate data, a total of 2,964 patients were included in the final analysis.
Pathologic Evaluation
Specimens from RPs were weighed, fixed intact in 20% neural buffered formalin, and sectioned at 3-to 4-mm intervals with the apical and bladder neck portion sectioned radially to allow evaluation of margin status parallel to urethra. For each pathologic slide, the percent of tumor involvement per slide was estimated, and pTPV was determined by averaging the estimates from all slides using methods previously reported by others. 
RESULTS
Baseline Characteristics
Patient characteristics are shown in Table 1 . When stratified into groups (T2LV, T2HV, T3LV and T3HV), 1,473 patients (49.7%) had pathologic T2 and pTPV less than 10% (T2LV), 598 patients (20.2%) had pathologic T2 and pTPV≥10% (T2HV), 199 patients (6.7%) were T3LV and 694 patients (23.4%) were T3HV. Among total patients, the median PSA was 7.87 ng/mL, and median pTPV was 10% (mean value;
16.9%). In pT2 patients (n=2,071), the T2HV group had a higher pathologic Gleason score, PSM rate and BCR rate than T2LV (p＜0.001). In pT3 patients (n=893), the T3HV group also had a higher pathologic Gleason score, PSM rate, seminal vesicle invasion (SVI) and BCR rate than T2LV (p＜0.001). 
BCR-free Survival Analysis
Univariate analysis showed that pTPV was associated with BCR-free survival among total patients (log rank p＜0.001). A multivariate Cox proportional hazards regression model demonstrated that pTPV was an independent predictor of BCR-free survival (p＜0.001) in the study population after adjusting for age, PSA, prostate volume, pathologic Gleason score, extracapsular extension, SVI, and PSM (Table 2) . Among the 4 groups, BCR-free survival rates were significantly different as shown in Fig. 1 (log rank test, all p＜0 .001). The 10-year BCR-free survival was calculated as 86.1% in T2LV, 76.0% in T2HV, 59.7% in T3LV, and 26.2% in T3HV.
Subgroup Analysis according to Risk Group
In a subgroup analysis according to stratification of risk classification, pTPV was a significant predictor to BCR only in the high risk group and not in the low-intermediate risk group (Table 3) . As shown in Fig. 2 , T2LV PCa had a significantly higher BCR-free survival rate compared to other groups (vs. T2HV, p=0.003; vs. T3LV, p＜0.001; T3HV, p＜0.001).
However, in the low risk classification groups, there were no and T2HV had similar BCR-free survival rate and T3LV and T3HV had also similar results for BCR rate. Cox proportional multivariate analysis also showed that pTPV was not a significant predictor to BCR in the low and intermediate risk group (Table 3) . However in the high risk group, the T2HV group had similar BCR-free survival rates when compared to the T3LV group (Fig. 2C ) (p=0.543). As shown in Table 3 , pTPV was a significant predictor to BCR only in the high risk group (hazard ratio, 1.914; 95% confidence interval, 1.325-2.765; p＜0.001) after adjusting for other factors.
DISCUSSION
In our study, pTPV was observed to be an independent predictor of BCR-free survival following RP among the total subjects. In high pTPV organ confined PCa, BCR free survival rates are favorable compared to locally advanced PCa regardless of pTPV. However in high risk groups who have a higher PSA and Gleason score, PTV could be a significant factor to predict BCR, and our study shows that T2HV disease had similar BCR related results compared to T3LV after RP.
Our finding that TV is an independent prognosticator of BCR agrees with several independent studies. 8,20-22 Humphrey et al. 23, 24 reported that intraglandular tumor extent measured as percent of carcinoma correlated with disease progression following RP among patients with clinically localized PCa.
Moreover, Carvalhal et al. 25 and Ramos et al. 13 observed that pTPV was an independent predictor of BCR among patients who underwent RP for pathologically organ confined disease.
Furthermore, a study done by Rampersaud et al. 18 showed that pTPV was a significant factor in disease progression following TV or size is considered as an important prognostic indicator in many cancer types and is often included in pathological staging. [20] [21] [22] However, the importance of TV in the prognosis of PCa has been debated. The main reason for this ongoing debate has been a lack of consensus on the best way to assess cancer volume or extent. 28 Some proposed the direct measurements of TV, while others have used percent cancer as a ratio of TV to total prostate volume as an estimate of the percentage of the gland involved with cancer. 21, 22 To date, TV and percent cancer have not been compared directly.
Potential limitations of our study include the retrospective nature of study design. Moreover, we could not control for intra-or interobserver variability in assessing pTPV. Although pTPV in all specimens were calculated by an experienced single uropathologist, pTPV measurement done by computerized morphometric methods would be regarded as a more accurate estimate of the actual tumor burden. The present study was a retrospective analysis with a short median follow-up duration was 48 months in our study. Due to the lack of long term follow up, time to BCR rather than cancer-specific survival was designated as the primary endpoint in our study. A final limitation of the present study is that the different number of sub-jects according to each group could affect the interpretation of our results. Therefore, the results of this study should be validated in a large scaled cohort study.
CONCLUSIONS
The present study demonstrated that pTPV was a significant predictor of BCR among patients who underwent RP. Patients with a high pTPV, organ confined disease had a favorable BCR-free survival rate compared to locally advanced PCa regardless of pTPV. However in the high risk group, T2HV disease had similar BCR related results when compared to T3LV after RP, therefore, patients with T2HV with a high PSA and
Gleason score disease should be approached and managed similarly to locally advanced PCa.
